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properties he had anticipated in his 
failed postdoctoral experiments, but 
it contained a region of homology 
shared with the other homeotic 
Drosophila ‘master control genes’ of 
the bithorax complex discovered by 
Ed Lewis and cloned in the laboratory 
of David Hogness. Most importantly, 
this region of homology, dubbed the 
‘homeobox’, could be found in the 
genomes of a wide range of animals, 
including vertebrates and humans. 
In these organisms, as well as in 
Drosophila, transcription factors that 
possess the homeobox seem to 
play critical roles in establishing the 
basic body plan of the organism. The 
discovery of the homeobox in Walter’s 
lab in Basel (and its simultaneous 
discovery by Matthew Scott working 
in Thom Kaufman’s lab in Indiana) 
enforced the idea that evolutionarily 
distant organisms might share 
common developmental pathways 
and common genetic circuits. This 
idea is now taken for granted in all 
current genomic approaches, and 
today it seems strange that it was 
completely unanticipated in 1980 at 
the beginning of the cloning era. The 
discovery of the homeobox provided 
one of the best and most convincing 
examples of that homology and 
Gehring’s group: A wall painting of Walter 
Gehring (seated) surrounded by his research 
group, shortly after his return to Switzerland. 
The paining was done by Eric Wieschaus 
(lower left) for the 1973 Biozentrum Fasnacht 
celebration. Erica Wenger Marquardt, Wal-
ter's long-term and extremely loyal secretary, 
is recognizable in the upper left.
probably more than any other single 
observation transformed thinking in 
the field.
That genes might conserve 
DNA binding domains or specific 
biochemical activities is no longer 
surprising. Perhaps more remarkable 
was that those activities would be 
conserved in specific developmental 
pathways. One of the great mysteries 
that have puzzled evolutionary 
biologists since Darwin is the 
convergence of similar structures and 
functions in organisms that are only 
distantly related. A prime example 
has been the evolution of eyes with 
very distinct morphologies in flies and 
vertebrates. Evolutionary biologists 
had long assumed that light sensing 
organs had evolved separately and 
independently in the two lineages. If 
this were the case, one would expect 
the developmental pathways not to 
be conserved. The demonstration that 
both the Drosophila eyeless gene and 
its vertebrate homologue small eye 
could function as a master regulator, 
inducing eye development in whatever 
region of the fly it was misexpressed, 
was a major breakthrough for 
Walter’s lab. Like the discovery of the 
homeobox itself, the result provided 
additional evidence for a common 
ground connecting all animal phyla.
Walter was a gregarious scientist 
who enjoyed meeting and discussing 
his latest results with others. He was 
a great orator who contributed much 
to public understanding of modern 
biology and evolution. He was also an 
inspiring teacher — he followed his 
mentor Hadorn as coauthor of a classic 
zoology textbook with Rüdiger Wehner. 
In his childhood, he was a bird watcher 
and naturalist — his master’s thesis 
was on bird navigation! He remained a 
great naturalist throughout his life and 
one of us (E.W.) fondly remembers bird 
watching with Walter in Cape Cod soon 
after he had joined the lab as a graduate 
student. In his later years, Walter spent 
much of his time in marine biological 
stations, where he also gave summer 
courses. He loved reunions with his ex- 
students and postdocs who organized 
splendid festivities for his birthdays. He 
will be missed.
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There really are more than two kinds 
of people in this world. It’s just 
that in addition to the two common 
ones, the third class is rare. There 
are those of us for whom slinging 
a hammock between two trees, 
draping first a mosquito net  
over it, then a rain fly, is as close  
to a definition of paradise as  
imaginable. There are those for  
whom this would be cruel and  
unusual torture. And, then there is 
Elizabeth Kolbert, who might have 
remained one of the latter, but has 
the pluck to sling her hammock and 
write about it.
Walking through the forests of 
Panama, her guides point out the 
soldier ants, which leave their  
jaws in your legs after they’ve  
bitten. They look for, but do not  
find, the most venomous snakes, 
that “can really mess you up” and, 
eventually, the hammock site. “A  
slit in the bottom constituted the 
entryway, and … when I climbed  
into the thing, I felt as if I were lying in 
a coffin.” In this coffin, she has  
“vivid troubled dreams” of “bright 
yellow frogs”. Forest spirits do us — 
human actions are driving species 
to extinction at rates only seen five 
previous times in geological  
history. 
Kolbert is brave in another sense. 
Her main title is the same as the 
book by distinguished science 
writer Roger Lewin and famous 
anthropologist Richard Leakey, 
published in 1996. Kolbert is a  
staff writer at The New Yorker, a 
popular US magazine, and brings  
an essayist’s approach to the 
topic. Indeed, her book is a set of 
thirteen essays, with a three-page 




Figure 1. New species.
Andinobate cassidyhornae is a recently described species of frog from the Western Andes 
of Colombia. It lives in forest protected by a land purchase made possible by SavingSpecies 
(www.savingspecies.org). (Photo: Luis Mazariegos.)About half the book is about 
geological extinctions — the five 
prior to the current one. These 
chapters cover familiar ground,  
with mastodons and ammonites,  
and familiar personalities — Cuvier, 
Lamarck, Lyell, Darwin, and  
more recently the father and son 
Alvarezes and their iridium layer. 
The remaining story of current 
extinctions is told well in essays  
on ocean acidification, fragmented 
forests, climate disruption, and the  
consequences of our carelessly  
moving plant and animal species to 
places where they do not belong. 
Kolbert captures the uniqueness of 
cloud forests. Her guide recommends 
that she pick out a leaf with an  
interesting shape. “You’ll see it for a 
few hundred metres and then it will  
be gone. That’s the tree’s entire  
range.”
Kolbert is now getting used to 
fieldwork. Handed a handful of  
coca leaves and a pinch of baking 
soda, she finds they taste like “old  
books” — but the aches and pains of 
high altitude hiking in cloud forests 
soon vanish. (One of my perennial 
worries is to ensure that those I 
guide do not accidentally pack the 
coca tea bags from nightstands  
of good hotels in Quito when they  
return to the USA.) Spectacled bears 
have been through the campsite. 
Now, her visions are of Paddington  
Bear, the children’s story character, 
not of haunting frogs. 
The trees are moving uphill, too — 
or at least their descendants. The 
climate is warming fast enough that 
careful fieldwork readily documents 
their uphill dispersals. As they move, 
there is less room for each species 
and, perhaps in time, insufficient 
for their continued survival. Climate 
disruption — for it is more complex 
than mere warming — not only has 
the potential to exterminate species, 
but to eliminate species hitherto 
unaffected by the deforestation 
that disproportionately endangers 
lowland species.
By the time Kolbert gets to the 
lowland Amazon, there is but the 
briefest mention of her hammock 
at the famous Camp 41 north of 
Manaus. (And she takes for granted 
the showers and toilets that may 
constitute my greatest contribution 
to tropical ecology: I chaired the 
committee that recommended their 
installation.) When noisy mating frogs wake her in the middle of the night, 
she enthusiastically steps out to look 
for them. 
The camp is the centre of the 
largest and most significant ecological 
experiment. As Kolbert explains, we 
live in a world where what habitats 
remain are usually in fragments, some 
small, some large. Nearly forty years 
ago, Tom Lovejoy recognised the 
global significance of fragmented 
landscapes and posed the critical 
questions: how many species will 
they lose and how fast will they lose 
them? Smaller fragments lose more 
species and do so more quickly. The 
experiments here, with their carefully 
designed fragment sizes, provide 
quantification that guides practical 
conservation actions elsewhere [1]. Kolbert’s strength is in her essays. 
They are credible, well-selected and 
entertaining reads. Her weakness, 
alas, is the wider perspective. First, 
she does not attempt to justify why 
we should consider the present “the 
sixth extinction.” Bright yellow frogs 
may well haunt her dreams. Frogs 
have exceptional extinction rates — 
nearly 600 extinctions per million 
species per year. That’s some 
6,000 times the background rate 
before human actions inflated it. 
How we derive these facts requires 
explanation and a story more 
remarkable than anything Kolbert 
presents. 
The International Union for 
Conservation of Nature compiles  
the Red List — the species 






After completing a PhD in  
plant–microbe interactions at 
Wageningen University, The 
Netherlands and post-doctoral 
research on Arabidopsis genetics in 
Ghent, Belgium, Ben Scheres started 
his own group at Utrecht University 
in 1990 to develop the Arabidopsis 
root as a model system appropriate 
for multidisciplinary dissection of 
developmental mechanisms. His 
early work revealed that the stem 
cell niche concept from the animal 
field was relevant in plants, too. His 
group discovered auxin accumulation 
in ‘maxima’ as a key mechanism 
to regulate plant development. He 
has shown that the Retinoblastoma 
pathway is a key controller of root stem 
cell divisions, allowing comparisons of 
stem cell maintenance mechanisms 
across plant and animal kingdoms. His 
group discoverd that plant stem-cell 
maintenance factors act in gradients. 
As of 2012, the research group 
moved to Wageningen University 
Research to be optimally embedded 
in a large cluster of plant science 
groups. Ben Scheres is member of 
the Dutch Academy of Sciences and 
EMBO member. For his work on the 
Arabidopsis root, he has received 
several awards such as the Siron 
Pelton Award and the Spinoza prize.
When did you decide to become a 
plant biologist? Never consciously. 
In high school, I loved mathematics, 
physics and biology. At age 14, I 
learned about the structure and coding 
capacities of DNA in a museum, 
and I guess that got me hooked on 
biochemistry and molecular biology. At 
University, virus research opened up 
the world of molecular biology research 
for me, and from there I ended up in 
plant–microbe interactions. That led 
to a PhD in symbiosis, and only during 
that period did I develop a passion for 
developmental biology — sparked by 
the exciting discoveries in fruit flies 
and nematodes in those days. Given 
my background, Arabidopsis was the 
logical organism of choice.
What were the most influential ideas 
that shaped your career choice? 
In 1994, during the final year of my 
Q & A
master’s program, I read Douglas 
Hofstadter’s famous book Gödel, 
Escher, Bach and realized that biology, 
mathematics and computers were 
intimately linked. I also realized that 
feedbacks and ‘strange loops’ are 
the stuff that biology is made of and 
that this was barely reflected in the 
textbooks of biology. An open eye for 
non-linear phenomena in biology was 
the result, and I think that is the red 
thread in my interest.
How did this idea translate to your 
activities? To tackle basic issues in the 
control of developmental programs, 
I realized that I should work on a 
system that was simple enough to 
describe with high precision, but 
complicated enough to ask interesting 
biological questions about and was 
lucky enough to find, together with a 
few other starting group leaders and 
good friends, that the Arabidopsis root 
suited this purpose. Hence, about ten 
years later, we could use ‘auxin entry’ 
to ask questions about non-linear 
feedback.
Auxin? A key signalling molecule, 
influencing virtually all developmental 
processes in plants, and influencing 
its own transport to make the ‘strange 
loops’. 
How can a biologist ask questions 
on non-linear mechanisms, which 
are very often non-intuitive? By 
teaming up with theoretical biologists, 
mathematicians and physicists who 
know how to deal with these issues. In 
Utrecht, I was very fortunate to be very 
close to Paulien Hogeweg, a pioneering that are in danger of becoming 
extinct or have already done so. 
It’s remarkable as the combined 
effort of hundreds of thousands of 
people, many of them amateurs, 
to compile data on the status of 
their favorite taxa. For amphibians, 
we know that there were 1437 
species described by taxonomists 
before 1900. Of these, 18 are 
either extinct or presumed extinct. 
After 1900, taxonomists described 
4967 species, for which 121 are 
extinct or presumed so. Following 
these newer discoveries from the 
time of their description allows 
an estimate of 587 extinctions 
per million species, per year. This 
contrasts to a background rate of 
about one extinction per ten million 
species, per year. These numbers 
attest to two other facts: first, the 
rate of species description is still 
increasing — new species (Figure 1) 
are being found in places that were 
until recently inaccessible. Second, 
newly described species have very 
high rates of extinction and threat.  
They are rare — which is why we 
have only just found them — and 
in places where there is extensive 
habitat loss.
Second, like too many others — 
such as diCaprio’s The 11th Hour 
or Call of Life: Facing the Mass 
Extinction — Kolbert details the 
problems, but none of the solutions. 
One wonders, were she to write 
about modern medicine, would she 
portray all physicians as telling us 
we are all going to die — which is 
true — but fail to notice that their 
profession greatly reduces mortality 
and disease? Tens of thousands of 
conservation professionals worldwide
save species on the brink and are 
measurably reducing extinction rates.
The fraction of the Earth’s surface 
now protected has increased steadily,
while Brazil has massively reduced 
deforestation in the Amazon. From 
these and so many other stories, 
we surely conclude that the sixth 
extinction is not yet written. It’s a 
nightmare from which we can still 
escape.  
Reference
 1. Pimm, S.L. and Brooks, T. (2013). 
Conservation: forest fragments, facts, and 
fallacies. Curr. Biol. 23, R1098–R1101. 
Duke University, School of Environment 
and Earth Studies, Durham, NC, USA. 
E-mail: stuartpimm@me.com
